Rats. Journal of Molecular and Cellular Cardiology (1982) 14, 81-90. Mitochondria prepared from the myocardia of rats injected with L-triiodothyronine, 1 pg/g body weight daily for 3 days, were compared with those from euthyroid or hypothyroid animals. The heart weights of the hormonetreated animals increased 37"' ,", whereas mitochondrial yield remained unchanged. Oxidative phosphorylation measured at 25°C featured a decreased rate of phosphorylating (State 3) respiration with normal phosphorylative efficiency (ADP: 0 ratio). The respiratory deficit was connected with a progressive loss as the mitochondria stood in iced suspensions; control mitochondrial respiration decreased O.P6-times as fast. The lipid composition of the heart mitochondria of the thyrotoxic group was abnormal in that the excess of neutral lipids (probably triglycerides) had a high content of oleoyl residues. Their phospholipid group compositions and the fatty acyl contents of each of the phospholipid classes were similar to control compositions, in contrast to the excess linoleoyl and decreased arachidonoyl contents of the phosphatidylcholines in the hypothyroid group. Thus the abnormalities of heart mitochondrial function are connected with different patterns of lipid changes in hyperthyroidism and hypothyroidism. Evidence for a relationship of organelle lipids to the reported abnormal myocardial contractile performance in these thyroid states is discussed.
Introduction
In the heart mitochondria of hypothyroid rats, the activation energy (I$,) of energy-linked respiration (State 3 or State -1, but not uncoupled respiration) between 37 and 21°C was three times greater than the E, in mitochondria from control rats [19, Results Table  1 shows that intraperitoneal injection of 1 c(g of L-triiodothyronine/g body weight/day for 3 days, and killing the animal on the fourth day, caused a significant loss of body weight; uninjected or saline-injected animals (not shown) did not lose weight. Hormone treatment increased the heart: body weight ratio by 37%, but decreased body weight by only 3.6%: we conclude that the absolute heart weight increased.
Treatment did not significantly affect (+8%) the amount of heart mitochondria recovered/g of myocardium; recovery was quite reproducible, the coefficients of variation being 5.1% for controls, 10.6% for thyrotoxics. Table  2 shows measurements of oxidative phosphorylation at 25°C in heart mitochondria from hormone-treated animals compared with those from controls. These thyrotoxic preparations respired at a normal rate in State 4 and at a slowed rate in State 3. Respiratory control was thereby depressed, although phosphorylative efficiency, as measured polarographically by ADP: 0 ratios, was unchanged.
The respiratory depression but not the normal level of efficiency agreed with the findings of [32] after a 6-day hormone pretreatment.
The measurements in Table 2 were made within about 30 min after the final sedimented mitochondrial pellet was resuspended. We found that the time of standing in iced suspensions affected oxidative phosphorylation at 25" differently when mitochondria prepared from normal or thyrotoxic Table 2 . On the other hand, both respiratory control and the efficiency of phosphorylation (ADP: 0) decreased minimally if at all in both groups of mitochondria (note that these rates are min x lo3 in Table 3 and cholesterol content (acts as a spacer molecule to alter fluidity).
Analyses of lipid contents of heart mitochondria prepared from normal (control), thyrotoxic, or hypothyroid rats are presented in Tables 4 to 6 . Table 4 shows that the heart mitochondria of thyrotoxic rats contained excess neutral lipids and thereby excess total lipids, but had normal amounts of cholesterol and total phospholipids, and normal proportions of the resolved phospholipid classes. The mitochondria of hypothyroid rats did not show any abnormalities in these parameters. Table 5 presents the fatty acyl contents, the unsaturation indices and the ratios of 20: 4/18: 2 Mitochondria were prepared from each of three controls (n = 6 to 10 separate measurements made during 8.5 min following the resuspension of the mitochondrial pellet), and three thyrotoxic rats (n = 4 to 8 measurements during 110 min). The values shown are the means & S.E. of the regression coefficients calculated by least squares from n points in each of the two sets of experiments. Respiration was measured in ng atoms 0 _ min-' . mg-I; respiratory contrpl is the ratio State 3: State 4 respiration; the ADP/O ratio was calculated from the polarographic tracings. *P < 0.05; ** P < 0.005; *** P < 0.001.
Thyroid
Control over Rat Heart Mitochondria 87 acyl groups in mitochondrial total lipids, neutral The fatty acyl contents of the resolved phospholipids and unresolved phospholipids.
In preparalipid classes (Table 6) were, as expected from the tions from the thyrotoxic rats, the total lipid fatty data in Table 5 , at normal levels in the mitoacyl distribution was similar to that in controls. chondria of the thyrotoxic rats. In the hypothyroid The neutral lipids and phospholipids contained rats, the PC fraction was seen to account for the excess 18 : 1 and were slightly depleted in 20 : 4 acyl overall deficiency of 20 : 4 fatty acyl moieties in the groups but not enough to depress the unsaturation phospholipids (Table 5) ; the PE fraction actually indices.
Hypothyroid heart mitochondria were contained more 20:4 than it did in control strikingly abnormal in fatty acyl contents: the preparations.
While both PC and PE in the hypophospholipids had abnormally high proportions of thyroid mitochondria had excessive contents of 18: 2 acyl groups and low amounts of 20: 4, 22 : 3 18:2 acyl groups, the PC fraction normally had a and 22 : 4 acyl residues, which were also expressed higher proportion of 18:2 than did PE, and PC in the depressed unsaturation index and 20 : 4/ 18 : 2 was preponderant among the phospholipid classes ratio. Our previous analyses of heart mitochondrial ( Table 4) ; PC fatty acyl abnormalities thereby phospholipids in hypothyroid rats showed no accounted for most of the changes in the total significant decreases in 20: 4 fatty acyl contents or in overall unsaturation
[36] i this disparity is disphospholipids in hypothyroidism.
Neither the CL nor the PS phospholipids contributed to the fatty cussed below.
acyl deviations.
Discussion
From the increased heart: body weight ratios in hormone-treated rats, which represented an absolute increase in heart weight ( Table  1) , it appears that cardiac hypertrophy was induced much earlier by our hormonal treatment schedule of 3 days of 1 pg of triiodothyronine/g than has been reported for other regimens. Gross and PittRivers [13] originally found an 87% increase in heart: body weight ratio 73 days after injecting triiodothyronine daily in a dose of about 0. (Table 4 ). In the absence of any change in cholesterol content, these were probably mainly triglycerides. Triglyceride content increased in the myocardium of rats injected with about 0.25 pg of thyroxine/g body weight per day for 10 days [6] , and the hormone increased the rate of triglyceride synthesis, as observed in the hearts of rats injected with 0.5 pg of thyroxine/g/day for 5 days [35] . The neutral lipids of thyrotoxic mitochondria in our studies contained excess 18: 1 acyl groups (Table 5 ). Since both thyrotoxic and control rats ate a diet high in 18: 1 fatty acid content (39.346 of the total fatty acids), it seems likely that endogenously generated 18: 1 was the source of the increased content in the thyrotoxic heart mitochondria.
The heart depends on the liver for the necessary microsomal A9-desaturation to convert 18:O to 18: 1 [4] , and we have found that out treatment schedule of injecting euthyroid rats with hormone increased hepatic A9-desaturase activit) four-fold [ 181.
Heart mitochondria prepared from control rats contained 22 : 6 as 3.676 of total fatty acids (Table 5) , and in previous studies, as 1.5% [36] . Other investigators have reported higher 22 : 6 fatty acid contents in heart muscle mitochondria or in heart muscle total lipids. We have reason to believe that the strain (i.e., the source) of rats, the diet fed, and the season, may all be connected with these diffcring compositions.
Tissue 22 : 6, being of the w3 fatty acid family [5], is not biosynthesized by rats from endogenous sources. Dietary w3 fatty acids incorporate readily into heart lipids, especially when the essential 06 fatty acids are supplied at low levels [14] . The synthetic diets for our rats contained 18:3 as 0.5% of total fatty acids and as the only w3 acid, and 28.8% of 18:2 as the only w6 fatty acid. About 5% of 22 : 6 was found in heart mitochondrial fatty acids from rats on a diet containing 18:3 as 2% and 18:2 as 55.6% of fatty acids [38] , and 10% 22 : 6 occurred in heart total lipids in rats fed a diet with 18:3 as 10% and 18:2 as loo,6 of fatty acids [31] . Even higher proportions, 22:6 = 12.1% of fatty acids, were seen in heart lipids of rats fed a diet containing 1046 cod liver oil; this oil contains 22:6 as 10% and 20:5w3 as lOa/*, but 18:2 as only 2%, of its fatty acids [14] . Many investigators have not specified the diet used or its fatty acid content. For example, heart mitochondrial phospholipid fatty acids were reported to contain 9.7% of 22 :6, with 2 1.5% 22:6 in the PE fatty acids [II] .
We found 22:6 as 7.9% of the PE fatty acids (Table 6) hearts; and the increase of myocardial diastolic tonus in rabbit heart papillary muscles at low temperatures has been attributed to the temperature-senstivity of the Ca-sequestration system [39] . Hormonal effects on the temperature-dependency and composition of this membrane system are currently under study.
